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SPACE EFFICIENT EXHAUST AFTERTREATMENT FILTER 
BACKGROUND AND SUMMARY 

The invention relates to the packaging of mufflers and exhaust 
components for internal combustion engines, and more particularly to an exhaust 
aftertreatment filter, including catalytic devices, that need to be fit into a limited space. 

The invention arose during development efforts directed toward 
minimizing the space required for an exhaust aftertreatment filter, and maximizing the 
usable area of a filter or catalytic element. The invention also arose during development 
efforts attempting to accommodate different types of exhaust system configurations 
without necessitating a complete redesign of the exhaust aftertreatment filter housing. 
The present invention meets these and other needs in a particularly simple and effective 
manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration of a space inefficient exhaust aftertreatment filter. 

Fig. 2 is an illustration of a space efficient exhaust aftertreatment filter, 
and is taken along line 2-2 of Fig. 3. 

Fig. 3 is a side sectional view of an exhaust aftertreatment filter in 
accordance with the invention. 

DETAILED DESCRIPTION 

Fig. 1 shows a space inefficient exhaust aftertreatment filter 10 including a 
cylindrical housing 12, an exhaust filter element 14, such as a catalytic element, and a 
return or transfer tube 16. This type of arrangement can be used where it is desired to 
have both the inlet and outlet on the same end of the filter housing, rather than opposing 
ends. Exhaust from the engine flows to the filter inlet then into the page in Fig. 1 
through catalytic filter element 14 and then reverses direction and flows out of the page 
through return tube 16 to the outlet of the filter. In the example in Fig. 1, return tube 16 
has a 5 inch outer diameter, and filter housing 12 has an 18 inch inner diameter, with 
half inch clearance. This leaves space for an 11.5 inch round substrate catalytic filter 
element 14 having an area of 103.9 square inches. 

Fig. 2 shows a space efficient exhaust aftertreatment filter 20 including 
housing 22, catalytic exhaust filter element 24, and transfer or return tube 26. Using the 

1 
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same dimensions as in Fig. 1, i.e. housing 22 has an 18 inch inner diameter and transfer 
tube 26 has a 5 inch outer diameter, the area of catalytic filter element 24 can now be 
increased to 198.7 square inches. This ninety-one percent increase in surface area of the 
catalytic filter element is attained without increasing the size of the filter housing, i.e. 
5 filter housings 22 and 12 have the same diameter, yet catalytic filter element 24 has 
ninety-one percent more cross sectional area than catalytic filter element 14. 

Fig. 3 shows housing 22 extending axially along an axis 28 between 
distally opposite first and second ends 30 and 32. A first port 34 is provided at first end 
30 of the housing, and a second port 36 is also provided at first end 30 of the housing. 

10 One of the ports is an inlet, and the other port is an outlet. In the embodiment of Fig. 3, 
port 34 is the inlet receiving exhaust from engine 38, and port 36 is the outlet. Housing 
22 has an intermediate section 38 between distally opposite ends 30 and 32. The 
intermediate section 38 has a cross sectional area Al along sectional plane 2-2 
transverse to axis 28. Exhaust filter element 24 is in intermediate section 38 and entirely 

15 fills the noted cross sectional area Al except for a smaller cut-out 40 in exhaust filter 
element 24 of cross sectional area A2. Exhaust filter element 24 has a cross sectional 
area A3 = A1-A2. Transfer or return tube 26 extends through cut-out 40 and 
communicates with port 36. Port 34 communicates with exhaust filter element 24. 
Exhaust flows axially as shown at arrows 42 through exhaust filter element 24 between 

20 first and second distally opposite sides 44 and 46 thereof. First side 44 faces first end 30 
of the housing, and second side 46 faces second end 32 of the housing. Exhaust flows 
axially as shown at arrow 48 through transfer tube 26 through cut-out 40 in the opposite 
axial direction, i.e. in the orientation of Fig. 3, axial flow 42 is leftwardly, and axial flow 
48 is rightwardly. The outer periphery of exhaust filter element 24 is sealed at insulative 

25 sealing material 50 to housing 22, and the inner periphery of filter element 24 at cut-out 
40 is sealed at insulative sealing material 52 to transfer tube 26, such that all exhaust 
flow passes through exhaust filter element 24 without bypass. 

First side 44 of exhaust filter element 24 communicates with first port 34. 
Second end 32 of housing 22 is closed, and exhaust flow reverses axial direction as 

30 shown at arrow 54 at second end 32 of the housing. Second side 46 of exhaust filter 
element 24 communicates through the noted flow reversal at 54 and transfer tube 26 
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through cut-out 40 with second port 36. Cut-out 40 is axially aligned with port 36. First 
side 44 of exhaust filter element 24 is axially aligned with port 34. In an alternate 
embodiment, first port 34 may be non-aligned with first side 44 such that the exhaust 
flow direction changes between first port 34 and first side 44. In another embodiment, 
5 exhaust flow between the first port and the first side of the exhaust filter element may 
include a radial component, relative to axis 28, at the first port, and an axial component 
at the first side of the exhaust filter element, to be described. Housing 22 includes a 
sidewall 56 extending axially between distally opposite first and second end walls 58 
and 60. Both of the first and second ports 34 and 36 may extend through first end wall 

10 58, as shown in Fig. 3. In alternate embodiments, one or both of first and second ports 
34 and 36 may extend through sidewall 56 at a location between first side 44 of exhaust 
filter element 24 and first end wall 58, for example as shown in dashed line at 34a and 
36a, respectively, providing the above noted radial flow components for example as 
shown in dashed line at 42a and 48a, respectively. These alternatives still enable both 

15 the inlet and the outlet to be at the same axial end of the housing. In preferred form, the 
first port 34 or 34a is the inlet, and the second port 36 or 36a is the outlet, such that first 
side 44 of exhaust filter element 24 is an upstream dirty side, and second side 46 of 
exhaust filter element 24 is a downstream clean side. In an alternate embodiment, the 
second port 36 or 36a is the inlet, and the first port 34 or 34a is the outlet, such that 

20 second side 46 of exhaust filter element 24 is an upstream dirty side, and first side 44 of 
exhaust filter element 24 is a downstream clean side. 

In the preferred embodiment, housing 22 is cylindrical, and transfer tube 
26 extends centrally axially in the housing and defines a central flow channel within 
transfer tube 26, and defines an annular flow channel within housing 22 and 

25 concentrically surrounding transfer tube 26 and the central flow channel therein. 
Catalytic exhaust filter element 24 is provided as an annular member in the noted 
annular flow channel and having a central cut-out 40 receiving transfer tube 26 
therethrough. Exhaust both enters and exits housing 22 at first end 30 at inlet 34 or 34a 
and outlet 36 or 36a, respectively. Exhaust flows axially through the noted annular flow 

30 channel and exhaust filter element 24 in one axial direction such as 42, and exhaust 

flows axially through the noted central flow channel and transfer tube 26 and cut-out 40 
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in the opposite axial direction such as 48. Further in the preferred embodiment, second 
end 32 of housing 22 is closed by a removable cover 62 attached to housing 22 by 
threads, clamps, or the like, schematically shown at 64. Removal of cover 62 permits 
inspection and removal of exhaust filter element 24 from housing 22 without 
5 disassembling the exhaust system, for example without disassembling inlet 34 from 
housing 22 and without disassembling outlet 36 from housing 22. 

It is recognized that various equivalents, alternatives and modifications are 
possible within the scope of the appended claims. 
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CLAIMS 

What is claimed is: 

1 . An exhaust aftertreatment filter comprising a housing extending axially 
along an axis between distally opposite first and second ends, a first port at said first end 
of said housing, a second port also at said first end of said housing, one of said first and 
second ports being an inlet, the other of said first and second ports being an outlet, said 

5 housing having an intermediate section between said distally opposite ends, said 
intermediate section having a given cross-sectional area Al along a sectional plane 
transverse to said axis, an exhaust filter element in said intermediate section and entirely 
filling said given cross-sectional area Al except for a smaller cut-out in said exhaust 
filter element of cross-sectional area A2, said exhaust filter element having a cross- 

10 sectional area A3 = A1-A2, a transfer tube extending through said cut-out and 

communicating with said second port, said first port communicating with said exhaust 
filter element, wherein exhaust flows axially through said exhaust filter element between 
first and second distally opposite sides of said exhaust filter element, said first side 
facing said first end of said housing, said second side facing said second end of said 

15 housing, wherein exhaust flows axially through said exhaust filter element in one axial 
direction, wherein exhaust flows axially through said transfer tube through said cut-out 
in the opposite axial direction. 

2. The invention according to claim 1 wherein said exhaust filter element 
has an outer periphery sealed to said housing, and has an inner periphery at said cut-out 
and sealed to said transfer tube, such that all exhaust flow passes through said exhaust 
filter element without bypass. 

3. The invention according to claim 1 wherein: 

said first side of said exhaust filter element communicates with said first 

port; 

said second end of said housing is closed, and exhaust flow reverses axial 
5 direction at said second end of said housing; 

said second side of said exhaust filter element communicates through said 
flow reversal and said transfer tube through said cut-out with said second port. 
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4. The invention according to claim 3 wherein said cut-out is axially 
aligned with said second port. 

5. The invention according to claim 3wherein said first side of said 
exhaust filter element is axially aligned with said first port. 

6. The invention according to claim 3 wherein exhaust flow direction 
changes between said first port and said first side of said exhaust filter element. 

7. The invention according to claim 6 wherein exhaust flow between said 
first port and said first side of said exhaust filter element includes a radial component, 
relative to said axis, at said first port, and an axial component at said first side of said 
exhaust filter element. 

8. The invention according to claim 3 wherein said housing includes a 
sidewall extending between distally opposite first and second end walls, and wherein 
both of said first and second ports extend through said first end wall. 

9. The invention according to claim 3 wherein said housing includes a 
sidewall extending between distally opposite first and second end walls, and wherein 
one of said first and second ports extends through said sidewall at a location between 
said first side of said exhaust filter element and said first end wall, and the other of said 

5 first and second ports extends through said first end wall. 

10. The invention according to claim 9 wherein said first port extends 
through said sidewall, and said second port extends through said first end wall. 

1 1 . The invention according to claim 3 wherein said housing includes a 
sidewall extending between distally opposite first and second end walls, and wherein 
said first port extends through said sidewall at a first location between said first side of 
said exhaust filter element and said first end wall, and said second port extends through 

5 said sidewall at a second location between said first side of said exhaust filter element 
and said first end wall. 

12. The invention according to claim 3 wherein said first port is said inlet, 
and said second port is said outlet, such that said first side of said exhaust filter element 
is an upstream dirty side, and said second side of said exhaust filter element is a 
downstream clean side. 
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13. The invention according to claim 3 wherein said second port is said 
inlet, and said first port is said outlet, such that said second side of said exhaust filter 
element is an upstream dirty side, and said first side of said exhaust filter element is a 
downstream clean side. 

14. The invention according to claim 3 wherein said second end of said 
housing is closed by a removable cover permitting inspection and removal of said 
exhaust filter element from said housing without disassembling said inlet from said 
housing and without disassembling said outlet from said housing. 

15. The invention according to claim 3 wherein said exhaust filter element 
is a catalytic element. 

16. An exhaust aftertreatment filter comprising a housing extending 
axially along an axis between distally opposite first and second ends, a first port at said 
first end of said housing, a second port also at said first end of said housing, one of said 
first and second ports being an inlet, the other of said first and second ports being an 

5 outlet, said second end of said housing being closed, a transfer tube extending axially in 
said housing and defining a central flow channel within said transfer tube, and defining 
an annular flow channel within said housing and concentrically surrounding said 
transfer tube and said central flow channel therein, an annular exhaust filter element in 
said annular flow channel, said annular exhaust filter element having a central cut-out 
1 0 receiving said transfer tube therethrough, wherein exhaust both enters and exits said 
housing at said first end at said inlet and said outlet, respectively, and wherein exhaust 
flows axially through said annular flow channel and said exhaust filter element in one 
axial direction, and wherein exhaust flows axially through said central flow channel and 
said transfer tube and said cut-out in the opposite axial direction. 

17. The invention according to claim 16 wherein exhaust flows axially in 
said annular flow channel through said exhaust filter element between first and second 
distally opposite sides of said exhaust filter element, said first side facing said first end 
of said housing having both of said first and second ports, said second side facing said 

5 second closed end of said housing, said exhaust flow reversing axial direction at said 
second closed end of said housing. 
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18. The invention according to claim 17 wherein said cut-out is axially 
aligned with said second port. 

19. The invention according to claim 17 wherein said first side of said 
exhaust filter element is axially aligned with said first port. 

20. The invention according to claim 17 wherein exhaust flow direction 
changes between said first port and said first side of said exhaust filter element. 

21. The invention according to claim 20 wherein exhaust flow between 
said first port and said first side of said exhaust filter element includes a radial 
component, relative to said axis, at said first port, and an axial component at said first 
side of said exhaust filter element. 

22. The invention according to claim 17 wherein said housing includes a 
sidewall extending between distally opposite first and second end walls, and wherein 
both of said first and second ports extend through said first end wall. 

23. The invention according to claim 17 wherein said housing includes a 
sidewall extending between distally opposite first and second end walls, and wherein 
one of said first and second ports extends through said sidewall adjacent said first end 
wall, and the other of said first and second ports extends through said first end wall. 

24. The invention according to claim 23 wherein said first port extends 
through said sidewall, and said second port extends through said first end wall. 

25. The invention according to claim 17 wherein said housing includes a 
sidewall extending between distally opposite first and second end walls, and wherein 
said first port extends through said sidewall adjacent said first end wall, and said second 
port extends through said sidewall adjacent said first end wall. 

26. The invention according to claim 17 wherein said first port is said 
inlet, and said second port is said outlet, such that said first side of said exhaust filter 
element is an upstream dirty side, and said second side of said exhaust filter element is a 
downstream clean side. 

27. The invention according to claim 17 wherein said second port is said 
inlet, and said first port is said outlet, such that said second side of said exhaust filter 
element is an upstream dirty side, and said first side of said exhaust filter element is a 
downstream clean side. 
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28. The invention according to claim 17 wherein said second end of said 
housing is closed by a removable cover permitting inspection and removal of said 
exhaust filter element from said housing without disassembling said inlet from said 
housing and without disassembling said outlet from said housing 

29. The invention according to claim 17 wherein said exhaust filter 
element is a catalytic element. 
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SPACE EFFICIENT EXHAUST AFTERTREATMENT FILTER 
ABSTRACT OF THE DISCLOSURE 
An exhaust aftertreatment filter (20) includes a housing (22) extending 
axially along an axis (28) between distally opposite first and second ends (30 and 32), a 
5 first port (34) at the first end of the housing, a second port (36) also at the first end of the 
housing, one of the first and second ports being an inlet, and the other being an outlet, 
the housing having an intermediate section (38) between the distally opposite ends, the 
intermediate section having a given cross sectional area A 1 along a sectional plane 
transverse to the axis, a catalytic exhaust filter element (24) in the intermediate section 
10 and entirely filling the cross sectional area Al except for a smaller cut-out (40) in the 
exhaust filter element of cross sectional area A2, the exhaust filter element having a 
cross sectional area A3 = A1-A2, a transfer tube (26) extending through the cut-out and 
communicating with the second port. Exhaust flows axially (42) through the exhaust 
filter element between first and second distally opposite sides (44 and 46) of the exhaust 
15 filter element, the first side facing the first end of the housing, the second side facing the 
second end of the housing, exhaust flowing axially through the exhaust filter element in 
one axial direction (42) and flowing through the transfer tube and cut-out in the opposite 
axial direction (48). 
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